Abstract Physical, textural, and sensory characteristics of the gluten-free muffins made of mungbean and cowpea flours enriched with waxy rice flour were investigated. Amylose content and pasting viscosity of legume-waxy rice flour blend (1:1) were lower than that of wheat flour. The number and area of gas cells of muffin containing legume flour was lower than that of control muffin with wheat flour. Legume-based muffins had low lightness value due to the presence of color components. Weight of the muffins containing legume was higher than that of control muffin, but their height and volume were lower than control. Legume-based muffins had greater crude ash and protein contents than control. Compared with control, muffin containing legume flour had significantly higher hardness and gumminess. In sensory evaluation, overall acceptance of muffin containing Okdang cultivar of cowpea was the highest among legume-based muffins, which was comparable to control muffin.
Introduction
The market for gluten-free products that are nutritious and palatable is growing as more people are choosing a glutenfree diet out of necessity or personal preference (Gao et al., 2018) . Celiac disease is a life-long autoimmune disorder derived from the ingestion of gluten in susceptible patients (Kennedy and Feighery, 2000) . The celiac patients have a classic symptoms in the malabsorption of some nutrients such as iron and soluble vitamins, chronic diarrhea, and abdominal distention. Gluten-free product was initially designed for people diagnosed with celiac disease. Currently, the increased interest in gluten-free products is motivated by health concerns to avoid wheat in the diet (Nachay, 2010) . However, baked products without gluten have technical problems such as quality defect, crumbling texture, and rapid staling since gluten is a major structural forming protein in bakery products contributing to the viscoelastic characteristics of dough (Goswami et al., 2015) . As a result, there has been extensive studies including the addition of native and modified starches, various animal and vegetable proteins, and food hydrocolloids into a gluten-free formulation, in an effort to mimic the properties of gluten and improve the structure, mouthfeel, acceptability and storage stability (Lazaridou et al., 2007; Moore et al., 2006; Nunes et al., 2009; Renzetti et al., 2008; Ribotta et al., 2004) .
The popularity of gluten-free baked products such as bread, biscuits, cakes, muffins and pastries has increased. Muffin is very popular sweet baked products highly appreciated by consumers due to its good taste and spongy texture (Shevkani et al., 2015) . Traditionally, muffin is made of wheat flour, sugar, vegetable oil, egg, and milk, and thus persons with celiac disease are unable to consume this type of baked product since its ingestions cause intestinal damage. Gluten-free muffins may serve as a useful method for nutritional improvement in diets in gluten-intolerant individuals. Incorporation of non-gluten protein may facilitate gluten-free foods (Matos et al., 2014) . Several studies investigating gluten-free muffins sought to improve the structure, mouth feel, acceptability, and nutritional quality of the final products with various grains such as rice flour, millet, buckwheat, sorghum, common bean, and pea (Matos et al., 2014; Minarro et al., 2012) .
Legumes are important grain for food and feed since they contain large amounts of proteins and carbohydrates (Chung et al., 2008) . Legume protein is an inexpensive ingredient for protein enrichment of gluten-free cereal bakery products due to its amino acid composition complementary to cereals, almost absence of allergic gluten proteins, beneficial health effects and lower cost compared with animal proteins (Gularte et al., 2012; Matos et al., 2014) . Legumes have been known to decrease blood glucose response and prevent diabetes and hyperlipidemia due to the reduced bioavailability, low glycemic response, high amylose content, intact cell structure, and high viscous soluble dietary fiber components (Chung et al., 2008; Tharanathan and Mahadevamma, 2003) . However, glutenfree baked products containing cereals or legumes often were defective in quality and expensive due to the amount of ingredients used to replace gluten (Gallagher et al., 2004; Mir et al., 2016) . In addition, a limited number of studies investigated the properties of legume-based glutenfree muffin.
The present study was focused to evaluate the chemical composition, physical properties, texture, and sensory evaluation of gluten-free muffin prepared with different species (cowpea and mungbean) and cultivars of Korean legumes enriched with waxy rice flour.
Materials and methods

Materials
Mungbean (Sohyun, Dahyun, and Jangan cultivar) and cowpea (Seowon, Yeonbun, and Okdang cultivar) were provided by the Rural Development Administration (Jeonju, Korea). Waxy rice (Baekokchal cultivar), wheat flour, sugar (CJ Co., Seoul, Korea), butter (Lotte Co., Seoul, Korea), baking powder (SL Food, Seoul, Korea), milk (Maeil Dairies Co., Seoul, Korea), salt (Daesang Co., Seoul, Korea), and egg were purchased from the local grocery market (Gwangju, Korea).
Preparation of legume and waxy rice flours
Mungbean and cowpea were washed and steeped in distilled water (500 g in 750 mL) for 6 h at room temperature. After soaking, the mungbean and cowpea were ground using a mechanical grinder (DA5500, Daesung Artlon Co., Seoul, Korea), dried overnight at 45°C to a moisture content less than 10%, and sieved through a sieve (100 mesh). The mungbean and cowpea flours were heated at 120°C for 30 min to remove their undesirable off-flavors and improve the texture of muffin but ensuring that the heating time does not result in dextrinization of flour due to the its limited moisture content. Chiu et al. (1999) reported that thermal treatment of flour or starch could improve the textural characteristic of product and remove an undesirable taste and off-flavors. In our preliminary test, the thermal treatment condition at 120°C for 30 min was achieved to reduce the off-flavor and to minimize the color change during heating.
Waxy rice grains were soaked in distilled water (500 g in 1500 mL) for 4 h at room temperature (25°C). The soaked rice was drained for 1 h and dried in a convection oven (25°C) for 12 h to produce semi-wet rice grains. The semi-wet rice grains were ground into fine flour using a mechanical grinder (DA5500, Daesung Artlon Co., Seoul, Korea) and then passed through a 100 mesh sieve.
Properties of legume and waxy rice flour blends
The apparent amylose content of wheat flour and legumewaxy rice flour (1:1) blends were determined using a colorimetric method (Williams et al., 1970) . The flours were mixed with 0.5 N KOH solution and the suspension was heated for 10 min in a boiling water bath. After cooling, an aliquot of the solution was neutralized by adding 0.5 N HCl and iodine reagent (0.2% I 2 ? 2.0% KI). The absorbance of the color developed solution was measured using a spectrophotometer (Optizen Pop, Mecasys Co., Daejeon, Korea).
The pasting properties of wheat flour and legume-waxy rice flour (1:1) blends were analyzed by using a Rapid Visco-Analyzer (RVA 4500-TecMaster, Newport Scientific, Warriewood, Australia). The flour suspension (7%, w/w) was held at 50°C for 1 min, raised to 95°C at a rate of 6°C/min, held at 95°C for 5 min, cooled to 50°C at 6°C/min, and held at 50°C/min for 2 min with a constant rotating speed of the paddle (160 rpm). Peak viscosity, breakdown, setback, final viscosity, and pasting temperature were determined from the viscograms.
Thermal properties of wheat flour and legume-waxy rice (1:1) flour blends were determined using a differential scanning calorimeter (DSC4000, PerkinElmer Inc., Waltham, MA, USA). The flour (6.66 mg, db) and 13.32 lL of distilled water were loaded into a stainless steel pan and hermetically sealed. The sample pans were heated from 5 to 150°C at a heating rate of 5°C/min. An empty pan was used as a reference. The onset (T o ), peak (T p ) and conclusion (T c ) gelatinization temperatures and gelatinization enthalpy (DH) were determined using the DSC thermograms.
Muffin preparation
Muffins were prepared according to Chung et al. (2010) with little modification. The gluten-free muffins were made by replacing the wheat flour with legume (mungbeans or cowpeas) and waxy rice flour blends (1:1). In the preliminary test, the muffin made with legume flour-waxy rice flour (1:1) blend exhibited greater texture and overall acceptability in sensory evaluation among muffins made with flour blends ranging from 0 to 100%. Muffin formulation containing wheat flour alone served as the control sample. The ingredients used in muffin preparation were 200 g wheat flour (or 100 g legume flour, 100 g waxy rice flour), 100 g butter, 120 g sugar, 120 g egg, 100 g milk, 13 g baking powder, and 2 g salt.
Muffin batter was prepared by blending butter, salt, and sugar for 3 min with a wire whip. Egg was added and mixed for 5 min. Wheat flour (or legume flour-waxy rice flour blends), baking powder, and milk were then added and mixed with wire whip for 1 min. The batter (60 g) was poured into the muffin cup (5.5 cm diameter, 4.5 cm height) and baked at 170°C for 25 min in a preheated baking oven (FDO-7104B, Daeyoung Bakery Machinery Co., Seoul, Korea). The muffins, after baking, were cooled to room temperature on a rack to avoid moisture condensation on their surface. The muffins from each formulation were prepared at least three times on different days with 5 muffins in each bath.
Properties of legume flour-based muffins
The proximate composition of muffins made from wheat flour and legume-waxy rice (1:1) flour blends was analyzed using the AOAC methods (2000) The muffin was cut vertically and images of the cut surface of the crumb were captured using a digital camera (Samsung NX 3000, Seoul, Korea). Muffin volume was measured using the seed replacement method, muffin weight was determined using a balance, and muffin height was measured with a digital caliper from the highest point of the muffin to the bottom.
The muffin sample was cut in the center. The crumb color of muffin samples was determined in terms of L* (lightness), a* (redness), and b* (yellowness) values using a colorimeter (SpectraMagic NX, Konica Minolta, Tokyo, Japan).
The textural properties of the muffin were measured using a texture analyzer (TA-XT ? , Stable Micro Systems, Surrey, UK). The muffin was cut in cubes (20 9 20 9 20 mm) from the center of the muffin. A double compression test (texture profile analysis mode) was performed with a cylinder probe (20 mm diameter) and 50% compression of its original height at a speed of 1.0 mm/s with 5 s interval between the two compression cycles. The hardness, adhesiveness, springiness, cohesiveness, and gumminess were determined from the curves.
The sensory characteristics of muffins were determined by 24 trained panelists (3 male, 21 female, ages 20-25). Sensory attributes including color, taste, flavor, texture, and overall acceptance were evaluated using a seven point hedonic scale, ranging from 1 (dislike extremely) to 7 (like extremely).
Statistical analysis
All tests in this study were performed in triplicate. Differences between factors were evaluated using a one way analysis of variance (ANOVA) and statistical analyses were carried out with Duncan's multiple range test (p \ 0.05) to compare means using SAS software system (Version 9.2, SAS Institute Inc., Cary, NC, USA).
Results and discussion
Amylose content and pasting viscosity of flours
The amylose content of wheat flour and blends of legume and waxy rice flours is presented in Table 1 . As expected, the wheat flour exhibited the highest amylose content (24.3%), whereas the amylose content of legume-waxy rice flour blends ranged between 6.1 and 9.6% (Table 1) . Incorporation of waxy rice flour considerably decreased the amylose content of flour blends. Considering the starch content in legume seeds (* 45%) and the amylose content in waxy rice starches (\ 2%), the observed amylose content of legume starches may be in the range of 30-40%, which is similar to those have been reported with cowpea and mungbean starches (Hoover et al., 2010; You et al., 2014) . The amylose content of mungbean-waxy rice flours (MS-WR, MD-WR, and MJ-WR) was relatively higher than that of cowpea-waxy rice flours (CS-WR, CY-WR, and CO-WR).
Pasting profiles of legume-waxy rice flour blends were apparently different from that of wheat flour (Table 1 ). All legume-waxy rice flour blends had substantially low pasting temperature, peak viscosity, setback, and final viscosity compared with wheat flour (Table 1 ). The pasting viscosity of flours is mainly due to the swelling of starch granules (Vandeputte et al., 2003) . The setback and final viscosity indicates the degree of re-association of the starch chains, which may relate to the amount of leached amylose during heating. The legume containing higher amylose content exhibit a lower degree of swelling and amylose leaching Table 1 Effect of legumes on amylose content, pasting properties and thermal properties of flour than wheat, which could explain the low pasting viscosity of legume-waxy rice flour blends (Hoover et al., 2010) . The lower pasting temperature of legume-waxy rice flour blends than wheat flour could be attributed to the presence of waxy rice flour in flour blends. Jongsutjarittam and Charoenrein (2013) reported that the pasting temperature of waxy rice flour was substantially lower than that of wheat flour because the crystallinity of wheat starch (35.5%) was higher than that of waxy rice starch (18.5-23.8%). The increasing levels of protein in legumewaxy rice flour than in wheat flour might be attributed to lower paste viscosities because of the starch dilution effect in the presence of more proteins and a greater stability of the starch granules induced by protein-starch interactions (Shevkani et al., 2015; Tharanathan and Mahadevamma, 2003) The mungbean-waxy rice flour blends (MS-WR, MD-WR, and MJ-WR) exhibited substantially lower peak viscosity, setback, and final viscosity than cowpea-waxy rice flour blends (Table 1) . The mungbean has lower starch yield when compared with cowpea (Hoover et al., 2010) . A greater starch yield in cowpea may directly contribute to its higher swelling during heating, and thereby, higher peak viscosity in cowpea cultivars than mungbean cultivars. The amylose content of mungbean flour was higher than that of cowpea flour (Table 1) . Hoover et al. (2010) also reported that the amylose content in cowpea (25.8-33.0%) was higher than that in mungbean (33.0-45.3%). The amylose in starch could restrict granular swelling, which also explains the higher peak viscosity in cowpea-waxy rice flour blends than mungbean-waxy rice flour blends.
Mungbean and cowpea flours showed significant difference among the cultivars with respect to pasting characteristics (Table 1) . Among the mungbean cultivars, Dahyun (MD-WR) had the highest pasting viscosity and final viscosity. Among the cowpea cultivars, Okdang (CO-WR) had the highest pasting viscosity and final viscosity, whereas the pasting temperature was not significantly different among the cultivars. This difference in pasting properties among the cultivar could be attributed to their flour composition and characteristic of starches and proteins (Singh et al., 2014) .
Gelatinization properties
The gelatinization properties of wheat flour and blends between legume and waxy rice flours are also presented in Table 1 . The onset, peak, and conclusion temperatures (T o , T p , and T c , respectively) for gelatinization of wheat flour were significantly lower than those of blends involving legume and waxy rice flours (Table 1) . This difference in gelatinization temperatures may be due to starch structure and protein content (Kaur and Singh, 2005) . The gelatinization temperature represents the degree of crystal perfection in the starch granules (Eliasson and Gudmunsson, 1996) . Thus, higher gelatinization temperature in legume-waxy rice flours than wheat flour indicates a high degree of crystalline stability because of the high amylose content in starch and great amount of protein content in legume. Similarly, Emmambux and Taylor (2013) reported that legume starches had higher gelatinization temperature than cereal starches. Interestingly, the gelatinization temperature of legume-waxy rice flours was significantly higher than that of wheat flour, whereas the pasting temperature showed the opposite trend (Table 1) . Gelatinization is defined as the disruption of molecular orders and pasting is the phenomenon following gelatinization in the dissolution of starch, involving granular swelling and leaching of molecular components from the granules although pasting is not exactly distinct from gelatinization (Thomas and Atwell, 1999) . Gelatinization and pasting in wheat flour occur in sequence, while pasting overlaps as a continuation of gelatinization in legume-waxy rice flour. In flour blends of legume and waxy rice, the starch gelatinization occurred at a relatively high temperature by the presence of legume flour, while the pasting process began before gelatinization end due to the rapid swelling by waxy rice flour. This heterogeneity with granules in legumewaxy rice flour induce a broader gelatinization temperature ranges compared with wheat flour (Table 1) .
Gelatinization enthalpy is the property of starch in flour and reflects the overall amount of crystallinity of starch (Tester and Morrison, 1990) . Cowpea-waxy rice flour showed higher gelatinization enthalpy than mungbeanwaxy rice flour. The greater gelatinization enthalpy of cowpea-waxy rice flour as compared to mungbean-waxy rice flour may be attributed to their lower amylose content since starch with lower amylose content could have more crystalline structure (Jane et al., 1999) .
Chemical composition and physical characteristics of muffin
The chemical composition of legume-waxy rice flour blend muffins along with control muffin is presented in Table 2 . The legume-based muffins had slightly higher moisture content than control muffin. The legume flours generally contain greater protein and dietary fiber contents than wheat flour (Tharanathan and Mahadevamma, 2003) . These components contribute to greater water holding capacity in the composite flour, and therefore, contribute to greater moisture content in muffins containing legume flours (Hallen et al., 2004) . As expected, the legume-based muffins showed higher protein content than control muffins, which could be attributed to the higher protein content of legume flours than wheat flour. The muffin made with cowpea flour had slightly higher protein content than the muffin containing mungbean flour (Table 2) , which may be attributed to the differential protein content among legume species. The lipid content of muffins containing cowpea was greater than that of control muffin, whereas the muffin containing mungbean flour showed specific trends in lipid content when compared with control muffin. Marginally greater ash content in legume-waxy rice flour blend muffins when compared with control muffin may be attributed to the rich mineral content in legume (Jood et al., 1988) . Enhanced nutritional value was observed in terms of protein and mineral contents in legume-based muffins compared with control muffin.
A vertical section of the muffins revealed differences in loaf volume, gas cells, and crumb color (Fig. 1) . The control muffin showed a stable network structure with homogeneous gas cells, while the muffins prepared with legume-waxy flour blend showed tunnels formation with unequal air bubbles and a lower number of air bubbles compared with control muffin. In addition, a highly denser matrix was occasionally observed in some places of crumb, which could be due to the addition of waxy flour. Zambrano et al. (2004) reported the formation of tunnels with unequal cells in crumb with addition of guar and xanthan gums due to reduced gluten content. Interestingly, the cowpea-waxy rice flour blend muffins contained relatively greater number of air cells than mungbean-waxy rice flour Compared with control muffin, the legume-based muffins showed a higher degree of collapse on the surface with low loaf volume (Fig. 1) . Similarly, Mohammed et al. (2012) observed that bread containing chickpea had reduced loaf volume because the chickpea flour suppressed the production of steam during baking as a result of its great water holding capacity. The muffin containing Okdang cultivar of cowpea showed a lower degree of collapse on the surface with a similar surface in control muffin (Fig. 1) . Muffin color is an important parameter for muffin quality assessment (Shevkani et al., 2015) . The L*, a*, and b* values for crumb color showed significant differences among the tested muffins (Table 3 ). The muffins made with legume-waxy rice flour blends had significantly lower lightness (L*) than control muffin. Similarly, the bread crumb color turned darker due to higher levels of legume flours (Hallen et al., 2004) . The redness (a*) of muffins made of cowpea-waxy rice flour blends was higher than that of muffin made with mungbean-waxy rice flour blends or control muffins, while the cowpea-waxy rice flour blend muffins exhibited lower yellowness (b*) than those prepared with mungbean-waxy rice flour blend or control muffins. This difference in muffin color was attributed to the original color imparted by individual pigments and the color developed during baking (Matos et al., 2014) . The significantly lower L* of legume-waxy rice flour blend muffins when compared with control muffin may be due to the presence of pigment in legume flours. The difference in redness and yellowness between muffins containing mungbean flours and cowpea flours was also related to the difference in original color of two varieties used in this study. Hallen et al. (2004) reported that the cowpea containing bread showed an increased Maillard reaction during baking due to its rich lysine content, resulting in darkening of bread. This increased Maillard reaction also contributed to the decreased lightness of legume-based muffins.
The weight, height and volume of muffins are presented in Table 3 . The weight of control muffin (49.5 g) was lower than that of legume-based muffins (50.3-53.3 g), which was consistent with moisture content in muffins (Table 2) . Similarly, Mohammed et al. (2012) found a decrease in baking loss by the incorporation of chickpea in wheat flour to bread formulation, suggesting that the greater moisture content in chickpea-enriched muffins may be attributed to the higher capacity of chickpea protein to retain water than wheat gluten. Goswami et al. (2015) also reported that the decrease in weight loss of muffin containing millet flour could be due to the limited moisture evaporation during baking by the enhanced water binding capacity. Among the legume cultivars, the CY-WR and CO-WR muffins showed marginally higher weight (lower baking loss) than the other legume-containing muffins (Table 3) .
The height and volume of control muffin were 4.8 cm and 125.0 mL, respectively, whereas general decreases in height and volume occurred when the muffin was made with legume-waxy rice flour blends (Table 3) . This result could be related to the absence of the wheat gluten in legume-waxy rice flour blend muffins. Similarly, Mohammed et al. (2012) reported the decrease in bread volume by increasing the level of chickpea in bread, which was attributed to the decreased elasticity of dough. El-Adawy (1997) also found that legume flour addition decreased bread volume, which was probably due to the combined effects of gluten dilution and disruption of the gluten network structure by the addition of legume protein. The decrease in height or volume of muffin containing legume flour may be attributed to fewer air cells, poor gas cell stability by dilution of gluten, and lower viscosity of Con muffin made with wheat flour; MS-WR muffin made with mungbean Sohyun-waxy rice (1:1) flour blend; MD-WR muffin made with mungbean Dahyun-waxy flour blend; MJ-WR muffin made with mungbean Jangan-waxy flour blend; CS-WR muffin made with cowpea Seowon-waxy flour blend; CY-WR muffin made with cowpea Yeonbun-waxy flour blend; CO-WR muffin made with cowpea Okdang-waxy flour blend Physical, textural and sensory characteristics of legume-based gluten-free muffin enriched… 93 legume flour during heating (Shelke et al., 1990 ). Therefore, decrease in muffin height and volume indicates less air bubble and poor air bubble retention capacity, which was consistent with the number and size of air cells found in the muffin section (Fig. 1) , and the reduced leavening of muffins by low pasting viscosity (Table 1) . Interestingly, the muffins prepared using cowpea-waxy rice flour blends were slightly higher height and larger volume than the muffins prepared with mungbean-waxy rice flour blends. Greater protein content and pasting viscosity in cowpea flour than mungbean flour (Tables 1 and 2 ) contributes to the increased height and volume of muffins prepared from cowpea flour. Shevkani et al. (2015) reported that the protein increased muffin volume by increasing batter viscoelasticity and promoting stability of air bubbles in the batter. Goswami et al. (2015) suggested that the decrease in the height of the muffin containing millet flour might be related to the reduced pasting viscosity of the muffin batter containing millet flour. Among the legume cultivars, the Okdang cultivar of cowpea contributed to the highest muffin height and volume, which were relatively close to that of control muffin, and this muffin exhibited more resistance to surface collapse as shown in Fig. 1 .
Textural and sensory characteristics
The texture of control muffin significantly different with that of muffins prepared from legume flours (Table 4) . Hardness was the lowest in the control muffin (174.6 g), whereas hardness of muffins containing legume flour ranged from 440.5 to 663.7 g, which was significantly lower than that of control muffin (Table 4) . Gularte et al. (2012) also reported that the incorporation of legume flours in rice based cakes significantly increased the hardness. Hellen et al. (2004) found an increase in hardness by the incorporation of cowpea flour in the bread due to the more compact bread with a more dense structure. Mohammed et al. (2012) reported that the chickpea-enriched bread showed increased crumb hardness when compared with wheat flour bread possibly due to the thickening of the crumb well and hardening of the crumb structure by the protein addition. The increase in the hardness of muffin containing legume may be attributed to a decrease in the number and size of muffin air bubbles as shown in Fig. 1 , thereby increasing the force needed for compression. The hardening in muffin containing legume flour could be associated with a decrease in wheat gluten content and greater water absorption capacity due to its greater protein and fiber contents, which results in the reduction in glutenforming network structure and low ability of the muffin to enclose air, resulting in a dense structure (Gularte et al., 2012) . Among the legume species, the cowpea flour yields greater hardness in muffin than mungbean flour. Cowpea flour contains greater protein content than mungbean flour, leading to greater crumb firmness. In addition, the lower amylose content of cowpea flour compared with mungbean flour (Table 1 ) might increase crumb hardness. Kum (1998) also reported that a higher level of amylose content in rice bread resulted in decreased hardness. Among the legume cultivars, the muffin containing Yeonbun cultivar of cowpea had the highest hardness, while the muffin containing mungbean Dahyun had the lowest hardness (Table 4) . Chewiness, which is related to the ease of mastication, showed a similar trend with harness (Table 4) . Gularte et al. (2012) also reported higher hardness and chewiness of legume containing gluten-free cakes compared with control cakes prepared from wheat flour. The muffins made with legume-waxy rice flour blends exhibited higher adhesiveness compared with control muffin, as expected (Table 4) , due to the adhesive property by incorporation of waxy rice flour. Cohesiveness and springiness, which are very important qualities in a muffin, were marginally higher in control muffin than in legumecontaining muffins (Table 4) . Springiness is associated with fresh, aerated and elastic products, and cohesiveness is related to denseness and energy required to chew the food piece (Sanz et al., 2009 ). The higher springiness and cohesiveness in the control muffin reflects higher specific volume and more aerated structure because the gluten protein may result in a stronger and more organized gluten network. Marginally lower springiness and cohesiveness in a legume-containing muffin may be attributed to the inhomogeneity of flour blends. However, marginal differences in springiness and cohesiveness compared with control muffin suggest relatively acceptable quality of texture in legume-based muffins.
Sensory characteristics of muffin
The sensory characteristics of gluten-free muffins containing legume flours are presented in Table 5 . No significant differences in color preference score by the panel were observed, although significant differences were detected in the color of muffin appearance ( Fig. 1 ) and instrumental color (Table 3) . Most muffins containing legume flours had a relatively lower taste and flavor scores than control muffins (Table 5 ). This decline in taste and flavor may be attributed to the beany flavor and taste in the legume flours. A lower odor and taste scores over control product were also reported for soybean-based bread due to its beany flavor and taste (Shin et al., 2013) . However, some muffins containing legume were found no significant difference in taste and flavor with control muffin. Interestingly, despite muffins containing legume flour having low loaf volume (Table 3 ) and high instrumental hardness (Table 4) , panelists identified a texture score higher than in control muffins (Table 5 ). The Korean panelists preferred the sticky texture by adding the waxy rice flour to the muffin and the new texture based on composite flour blend included legume flour. The overall acceptance of muffins containing legume was marginally lower than that of control muffin possibly due to their low taste and flavor. However, most muffins containing legume showed no statistically difference in overall acceptance compared with control muffins. Although the mean sensory scores of legume-containing muffins for various parameters was marginally lower than that of control muffin, the overall results of sensory evaluation yielded acceptable scores by panelists. The muffins containing cowpea flours had relatively greater sensory scores than muffins containing mungbean flours based on all the sensory parameters. The muffin containing Okdang cultivar of cowpea was the most preferred by panelists, with the highest scores of color, taste, flavor, texture and overall acceptance, which was related to its greatest height and volume. The muffin containing Okdang cultivar of cowpea showed no significant difference in sensory parameters compared with control muffins, indicating a sensory quality comparable to that of the control muffins.
In conclusion, the incorporation of legume flours to develop muffins highly influenced the color, volume, textural, and sensory properties of muffins. The addition of legume flours to muffins resulted in nutritional improvement by enhancing the protein and ash contents compared with the control wheat muffin. The muffins containing legume flour showed a reduced height and volume, and a substantial increase in textural hardness. However, the legume-based muffins were found to be acceptable based on their sensory evaluation scores. Muffins containing cowpea flours exhibited greater quality than the muffins containing mungbean flours. The muffins containing Okdang cultivar of cowpea resulted in a sensory quality that was close to the control muffin. Overall, considering the physical, nutritional, textural, and sensory qualities, the Con muffin made with wheat flour; MS-WR muffin made with mungbean Sohyun-waxy rice (1:1) flour blend; MD-WR muffin made with mungbean Dahyun-waxy flour blend; MJ-WR muffin made with mungbean Jangan-waxy flour blend; CS-WR muffin made with cowpea Seowon-waxy flour blend; CY-WR muffin made with cowpea Yeonbun-waxy flour blend; CO-WR muffin made with cowpea Okdang-waxy flour blend legume-waxy rice flour blends exhibits a great potential for application in gluten-free bakery products.
